The propose of this paper is to design the circularly polarized antenna for mobile base station, using a curved strip dipole associated with U-shaped reflector and multi-layer metallic rod electromagnetic band gap (EBG). It can be used to simplify the single feed system of an antenna. The advantages of this proposed antenna are easy fabrication and installation, high gain and light weight. Moreover, it provides a sectoral radiation pattern, a main beam having a narrow beam width in the vertical direction and wider beamwidth in the horizontal direction, which are appropriate for mobile phone base station. The half-power beam in the H-plane and E-plane are 60 and 14.4 degrees, respectively. The antenna is designed and analyzed by using a computer simulation technology (CST). In addition, S11, axial ratio, radiation pattern and gain are displayed. The designed technique could be confirmed by a measurement resulting from prototype antenna corresponding to simulation results. The proposed antenna has a bandwidth covering the frequency range of 1870 -2170 MHz, and the gain of the antenna increases up to 15.11 dBi.
The Circular Polarized Resonator Antenna Configuration
The detailed geometry and parameters of resonator antenna using curved strip dipole antenna with metallic rod EBG are illustrated in Figure 1 and Table 1 , respectively. First, an upturned curved strip dipole antenna was designed to resonate around 2100 MHz and it is constructed of a copper plate (a 1 mm thickness). Next, it is mounted over an inexpensive curved polyvinyl chloride (PVC) with the dielectric constant of 3.4. The feed center of this antenna is connected at π 2 ϕ =
. The half-wavelength of curved strip dipole antenna is π
Then, U-shaped reflector plane with the size of 300 mm × 950 mm is added behind the 45˚ oriented curved strip dipole to control the radiation pattern to be directional pattern and to reduce the side and back lobe. For the gain enhancement and the polarization development, the multi-layers metallic rod EBG structure is added in this design to perform as the superstrate. The configuration of three EBG layers consist of EBG polar H (in x -axis), EBG polar V (in y -axis), and EBG polarizer. For design studied here, the lower EBG polar V layer is made up of five aluminium rods of 3.85 × 950 × 6 mm 3 periodicity. The upper EBG polar H layer is composed of nineteen aluminium rods of 300 × 13.26 × 1 mm 3 periodicity. Furthermore, the polarizer layer is constituted of five aluminium rods of 3.85 × 950 × 2.4 mm 3 periodicity; it has been located on the top layer. When, the superstrate is Figure 1 . The geometry of (a) an upturned curved strip dipole and (b) the proposed antenna. placed over a radiating element with the gap 2 h of 63 mm, the circularly polarized resonator antenna is defined. It is possible to generate a 90 degree phase shift between the electric field in the x and y axis.
Analysis of the Resonator Antenna
This section shows the resonator antenna, which consists of three components. There are a superstrate, a reflector plane, and a curved strip dipole antenna for the excitation source. The superstrate forms a 1-D EBG structure where periodic conducting pattern are metallic rods. It behaves as the EBG array at the antenna operating frequencies. A curved strip dipole antenna is placed between PEC reflector plane and 1-D EBG as shown in Figure  2 . The radiation of feeding antenna has a center point at P, whereas the radiation pattern of a curved strip dipole antenna is ( ) f θ . In addition, the distance between the PEC reflector plane and EBG is h, and reflection coefficient of EBG is Assume that the transmission is lossless, the amplitude of the direct wave 1 is 
where, ϕ ∆ is the phase variations. When the phase difference between wave 2 and wave 1 is
the phase difference between wave 3 and wave 1 is
If the direct wave has n number, so the phase difference is
Therefore, we can represent the electric field as follows:
and the power pattern is ( )
However, the amplitude ( ) γ and phase ( ) EBG ϕ of the EBG reflection coefficient are a function of the angle θ . Maximum power in the normal direction is obtained, when
So, the distance between PEC reflector plane and EBG is
where, 0,1, 2,3, N = .
Results and Discussion
In a previous article, an antenna design of high directive gain using a curved strip dipole on electromagnetic band gap (EBG) was studied [10] . The resonant EBG technology has been used to be a reflector for directive gain increment by utilizing the good performance of the mushroom-like EBG structure, which is capable of providing a constructive image current within a certain frequency band. Therefore, when wide beam curved strip dipole is appropriated located horizontally on a resonant EBG reflector, high directive gain can be obtained of 7.6 dBi for RFID reader. The purpose of this paper is the antenna for mobile base station design, so the antenna performance is developed to perform the resonator antenna by using EBG structure as the superstrate. In this design, the EBG structure can partially reflect wave of a primary radiator. This section proposes the design and analysis of the proposed antenna.
The Feeding Antenna
In Figure 3 , the exciting source of the proposed antenna is an upturned curved strip dipole antenna, which is placed on polyvinyl chloride (PVC). So, the radius of a curved strip dipole is specified at 18, 20, 24 and 34 mm. At the radius of 34 mm, it can be obtained the good matching with 50 ohms transmission line. It has the maximum gain of 2 dBi and 11 S is −14 dB at the resonant frequency of 2.1 GHz. The pattern of the curved strip dipole in E-plane provides the half power beamwidth (HPBW) around 81.5˚ because the dipole is bended to be a half annular and the omni-direction is displayed in H-plane.
Circular Polarized Resonator Antenna
The square circular polarized resonator antenna is excited by a curved strip dipole, oriented along 45 φ = direction and placed over the U-shaped reflector plane with the height of 0.2λ [15] . Besides, the superstrate consisting of the three EBG layers in polar V, in polar H, and polarizer, is necessary for the two transmitted components to process the equally amplitude and 90˚ phase difference. The reflection and transmission phase of the versus frequency are shown in Figure 4 (a) to estimate the gap between the reflector and EBG layer as the cavity height ( ) h . The cavity height depends on the frequency which can be obtained through following relations Equation (9) as plotted in Figure 4(b) . The parameters 1 h and 2 h are 67 mm and 60 mm, respectively, so, the dual polarized resonator antenna could be produced because of the E-field in horizontal and vertical polarization are equally amplitude.
Furthermore, this paper studies the circularly polarized antenna, so, two perpendicular electromagnetic plane waves not only are equal amplitude but also should have the 90˚ phase difference. Therefore, 1-D metallic EBG is designed for the third layer of superstrate, which is called polarizer. The transmission phase of polarizer 21 polarizer S ϕ is −6.24˚ as denoted in Figure 4(b) . The requirement of phase difference is 90˚, where it is given by 
In Equation (10) Figure 5 (a), when three layers of EBG structure are used for superstrate of a feeding antenna, the circularly polarized resonator antenna is achieved when the mutual coupling between EBG layers is considered. Figure 5(b) illustrates an axial ratio of square resonator antenna ( ) Even if the polarization was achieved in this section, an interesting sectoral 60˚ pattern in horizontal plane is the last target of this paper.
Sectoral Resonator Antenna with Circular Polarization
Consideration of Figure 5 (d) and Figure 6 (a) concludes that if the resonator antenna size ( ) 1 t is reduced to 300 mm because the near-field level is faded away at the width, the HPBW in horizontal plane of the resonator antenna is wider. While the pattern in horizontal plane is improved, the directive gain of resonator antenna is certainly down. To solve a problem in xz plane, the U-shaped reflector is installed as shown in Figure 2 .
To verify the performance of the antenna, an antenna prototype has been fabricated on aluminium as shown in Figure 6(b) . The evaluation of the key antenna parameters such as radiation pattern, polarization, and gain were measured by using Network Analyzer. After that the proposed antenna is rotated and the measured radiation pattern of the antenna is plotted together with the simulated pattern as shown in Figure 6 (c) and Figure 6(d) , respectively. This plot shows agreements between the measured and simulated results both in horizontal and vertical plane patterns. Furthermore, the measured realized gain and AR are continued measure to confirm the antenna performance. Figure 6 (e) illustrates an axial ratio close to 0 dB at the resonant frequency band, covering the uplink and downlink band of 3 G base station. Figure 6(f) shows the measured gain of the proposed antenna. It can be seen that the gain of the antenna is around 15.11 dBi at working range of frequency. The similar radiation and gain enhance the efficiency of mobile communication systems. In addition, some specifications from experiment are compared with the ones from simulation as shown in Table 2 . As we can see, the experiment results have a good agreement with the ones from simulation results.
Conclusion
The design of a circularly polarized resonator antenna using a curved strip dipole with electromagnetic band gap material for mobile communications was presented. The antenna was analyzed by using the CST software. From the simulation results, we can conclude that a 45˚ oriented curved strip dipole is fed between the mutilayers EBG and the reflector plane to produce the circularly polarization. Furthermore, the sectoral radiation pattern (HPBW around 60˚) can be obtained by reducing the size of the antenna in xz plane. The antenna prototype was fabricated on aluminium to verify the antenna performance. The measured maximum gain is 15.11 dB. Good agreement between simulated and measured results is obtained. 
